Three-dimensional poly(1,8-octanediol-co-citrate) scaffold pore shape and permeability effects on sub-cutaneous in vivo chondrogenesis using primary chondrocytes.
The objective of this study was to evaluate the coupled effects of three-dimensional poly(1,8-octanediol-co-citrate) (POC) scaffold pore shape and permeability on chondrogenesis using primary chondrocytes in vivo. Chondrogenesis was characterized as cartilage matrix formation by sulfated glycosaminoglycan (sGAG) quantification, relative mRNA expression of the cartilage-related proteins collagen types I, II and X, aggrecan and matrix metalloproteinases 13 and 3 and the compressive mechanical properties of the tissue/scaffold construct. A low permeability design with a spherical pore shape showed a significantly greater increase in cartilage matrix formation over 6 weeks in vivo than a high permeability design with a cubical pore shape. This increase in cartilage matrix synthesis corresponded with increases in mechanical compressive nonlinear elastic properties and histological data demonstrating darker red Safranin-O staining. There was higher mRNA expression for both cartilage-specific proteins and matrix degradation proteins in the high permeability design, resulting in overall less sGAG retained in the high permeability scaffold compared with the low permeability scaffold. Controlled POC scaffolds with a spherical pore shape and low permeability correlated with significantly increased cartilage matrix production using primary seeded chondrocytes. These results indicate that the low permeability design with a spherical pore shape provided a better microenvironment for chondrogenesis than the high permeability design with a cubical pore shape. Thus, scaffold architecture and material design may have a significant impact on the success of matrix-based clinical cartilage repair strategies.